Magnetic stimulation modulates structural synaptic plasticity and regulates BDNF-TrkB signal pathway in cultured hippocampal neurons.
Repetitive transcranial magnetic stimulation (rTMS) is a neuropsychiatric tool that can be used to investigate the neurobiology of learning and cognitive function. Few studies have examined the effects of low frequency (⩽1Hz) magnetic stimulation (MS) on structural synaptic plasticity of neurons in vitro, thus, the current study examined its effects on hippocampal neuron and synapse morphology, as well as synaptic protein markers and signaling pathways. Similarly, both intensities of low frequency magnetic stimulation (1Hz) activated brain-derived neurotrophic factor (BDNF) and tropomyosin-related kinase B (TrkB) pathways, including the pathways for mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) and for phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt). Specifically, low intensity magnetic stimulation (LIMS, 1.14Tesla, 1Hz) promoted more extensive dendritic and axonal arborization, as well as increasing synapses density, thickening PSD (post synaptic density) and upregulation of synaptophysin (SYN), growth associated protein 43 (GAP43) and post synaptic density 95 (PSD95). Conversely, high intensity magnetic stimulation (HIMS, 1.55Tesla, 1Hz) appeared to be detrimental, reducing dendritic and axonal arborization and causing apparent structural damage, including thinning of PSD, less synapses and disordered synaptic structure, as well as upregulation of GAP43 and PSD95, possibly for their ability to mitigate dysfunction. In conclusion, we infers that low frequency magnetic stimulation participates in regulating structural synaptic plasticity of hippocampal neurons via the activation of BDNF-TrkB signaling pathways.